found that inoculation of MSV-M produced a fibrosarcoma from which infectious sarcoma virus could not be re-isolated. By trypsinizing the hamster fibrosarcoma they obtained a cell line (HT-1) which they found negative for the mouse leukaemia group specific antigen when tested by the complement fixation test (CFT) Ultrastructural examination of these cells failed to reveal any morphologically distinguishable virus particles (Huebner et al., 1966; Valentine and Bader, 1968 
MURINE sarcoma virus (MSV) was first isolated by liarvey (1964) in BALB/c mice. Later, Moloney (1966) also isolated MSV from sarcomas which developed in BALB/c mice following their inoculation with high doses of mouse leukaemia virus (MLV) . Both the Harvey strain (MSV-H) and the Moloney strain (MSV-M), when inoculated into mice induced a sarcoma from which an infectious virus could be isolated. In the hamster, however, Huebner and his associates (1966) found that inoculation of MSV-M produced a fibrosarcoma from which infectious sarcoma virus could not be re-isolated. By trypsinizing the hamster fibrosarcoma they obtained a cell line (HT-1) which they found negative for the mouse leukaemia group specific antigen when tested by the complement fixation test (CFT) Ultrastructural examination of these cells failed to reveal any morphologically distinguishable virus particles (Huebner et al., 1966; Valentine and Bader, 1968) .
Nevertheless, these workers showed that when cultured hamster tumours cells (HT-1 line) were grown with normal mouse embryo fibroblasts (MEF) and infected by any strain of mouse leukaemia virus (MuLV), an infectious MSV could be obtained. This MSV had the immunological characteristics of the helper leukaemia virus used and could induce both transformation of normal MEF in vitro and the production of sarcomas in inoculated animals. It was apparent then, that the HT-1 cells were carrying the MSV genome though initially not producing the virus-a state which could be compared with that of the non-producing (NP) cells previously described for Rous sarcoma virus (RSV) (Hanafusa et al., 1964 (Sarma et al., 1965) . Recent trans-species rescue of the MSV genome from HT-1 cells by feline leukaemia virus (Sarma et al., 1970) Since most HT-1 cells grew in suspension, the cells had to be spun down for the preparation of spreads on glass slides. After fixation the cells were stained using the foRowing staining techniques (Hayhoe and Flemans, 1969) : Leishman, May-Grunwald-Giemsa (MGG), acid phosphatase periodic acid-Schiff (PAS), Sudan black and alkaline phosphatase. The acid phosphatase stain'mg method is after Burton (1954) and the alkaline phosphatase is after Kaplow (1955) .
Since some of the HT-1 cells settled on the glass surface during culture, they were trypsinized and seeded on coverslips in Leighton tubes. The 
RESULTS

Cytology
A very pleomorphic population of cells was revealed uncler the light microscope ( Fig. 1-3 ). The majority of the cells had a single eccentric nucleus and showed great variation in total cell size and shape. Ceffs which were stained with MGG had a bluish (RNA) cytoplasni and a red (DNA) nucleus with blue (RNA) nucleoli (Jacobson and Webb, 1952 (Fig. 1 ). The nuclear membrane of the lightly sta'med nuclei always presented a smooth circular outline, with no margination of condensed chromatin, in contrast to the rather irregular outline of the nuclear membrane of most cells.
Cytochemistry
Periodic acid-Schiff (PAS).-Approximately 30-40 % of the cells showed a varying degree of positivity ranging from fine granules to small blocks. Although positivity was found throughout the cytoplasm, it tended to be particularly strong in pseudopodia. The glycogen nature of the PAS positivity was established by amylase digestion which completely abolished positivity (Fig. 4) .
Acid phosphatase.-All cells showed some granular positivity ranging from moderately strong to strong (Fig. 5) .
Sudan black and alkaline phosphatase.-Both these cytochemical reactions were entirely negative. Karyotype analysis Population A.-The HT-1 cells were found to be markedly aneuploid (Fig. 6 ). The number of chromosomes fluctuated around triploidy with structural rearrange-ments-the normal diploid being 44 (Fig. 7) . Many cells contained a very striking and large telocentric marker chromosome (Ml) (Fig. 8) (Fig. 9 ). In these six cells the large Ml chromosome was absent. One X chromosome was usually identifiable. A chromosome of similar size, in which one part of the arms was heavily condensed, was also present in most cells. This was probably a second X chromosome (Hampar and tllison', 1961 (Harris, 1964) . Colchicine treatment may also affect the karyotype (Harris, 1964) .
Cell population B.-The number of chromosomes in this group ranged from 58-64 chromosomes (Table II, Fig. 6 ). The marker chromosome (MI) co'uld not be found in any of the 19 spreads studied. There were more cells with 2 X chromosomes in this cell line (Fig. 10 .. 0 (Fig. 12-16 ). No structures resembling complete C-type virus particles were seen in any of the cells examined, but a few cells contained particles showing some resemblance to virus, although it was difficult to distinguish these from the many pinocytotic vesicles found in these cells (Fig. 13, 17) Nucleus.-Most cells contained a single nucleus but some contained more than one nuclear profile (Fig. 12, 15, 16 ). Although serial sections were not studied, it seems likely that most of these cells contained more than one nucleus rather than a single, lobulated nucleus since light microscopy revealed little evidence of nuclear lobulation. The nuclear outline was often relatively smooth, but occasionally deep invaginations of the nuclear membrane were seen. M7hen cut tangentially these invaginations appeared as isolated membrane-enclosecl areas of cytoplasm (Fig. I 8 ancl 19 ). These pseudo-inclusions have been frequently described in tumour cells (Leduc and Wilson, 1959) . The nucleolus was often multiple and frequently highly developed, containing both pars amorpha and nucleolonema in varying proportion (Fig. 12 ancl 18 ). Many nucleoli contained several distinguishable bodies with a central dense core (Fig. 12) . These bodies resembled " microspherules " which have been observed in very active, more compact nucleoli such as those of cancer cells (Busch ancl Smetana, 1970) . Some nuclei contained " dense bodies " (Fig. 19) which have been reported to occur frequently in nuclei of virus-induced tumours and human malignancies (Haguenau, 1969) . Frequent Cc nuclear bodies " which have been reported in hamster cells transformed by RSV (Haguenau, 1969) were also seen (Fig. 12-15 and 18 ). Patches of interchromatinic granules, another non-specific feature of tumour cells, were also seen (Fig. 12, 13, 18 ), although less frequently than dense bodies and nuclear bodies. Another observation of special interest is that in some cells there was a complete absence of chromatin aggregates (Fig. 14, 15, 16 ) usually present in the nucleus. Instead, the total nuclear material was arranged in a finelv dispersed granulofilamentous pattern. In addition, these nuclei appeared to present an almost perfectly circular outline in striking contrast to the less regular outline of the other nuclei. A binucleated cell was observed in which one nucleus contained chromatin aggregates and was irregular in outline, while the other niicleus did not contain any chromatin aggregates and was circular (Fig. 19) .
Mitotic apparatus.-Occasional mitoses and centrioles with radiating microtubules were observed (Fig. 19) .
Mitochondria.-The cells displayed a very variable number of mitochondria. Some contained a large number (Fig. 12, 15, 16 ), while others appeared to contain only a few (Fig. 13) . The mitochondria also varied widely in size and shape, but no consistent alteration was apparent.
Lysosomes.-Many cells contained abundant pleomorphic structures staining densely with uranyl acetate which presumably represented lysosomes. These lysosomes were randomly distributed throughout the cytoplasm except in the pseudopodia which usually contained very few organelles. This distribution of lysosomes corresponded closely with the distribution of acid phosphatase as seen cytochemically (Fig. 5) . While the majority of cells showed this abundance of lysosomes, a few did not (Fig. 16) .
Other cytoplasmic organelles. The Golgi apparatus was variably developed, being prominent in some cells and poorly developed in others. The endoplasmic reticulum was variably developed but never prominent (Fig. 12 ). Many cells contained free ribosomes scattered throughout the cytoplasm (Fig. 13) , accounting for the basophilia seen in light microscopy. Frequent empty areas, often approximately circular in outline and not enclosed by a membrane, were observed in the cytoplasm (Fig. 14) . These empty areas presumably contained material extracted during E.M. processing. The nature of this material was uncertain but PAS staining showed similar sized areas of glycogen suggesting that this material might be glycogen; alternatively, they might represent areas of lipid extracted during processing.
Cell surface.-The surface of many of these cells displayed numerous projections which were short and stubby or longer and more slender like microvilli. Some cells showed typical pseudopods largely devoid of organelles, but containing partially extracted glycogen as described above.
DISCUSSION
In view of the past use of HT-1 cells in trans-species rescue of leukaemia viruses and the possible potential application in the search for a human leukaemia virus the present work was undertaken to define further the characteristics of these cells.
Mosb HT-1 cells grow in fluid culture as individual cells or in clusters and can be propagated without any further trypsinization. Microscopic examination of the living cultures revealed a very pleomorphic cell population, heterogeneous in size and shape and with variation in size and shape of nuclei even within the same multinucleated cells. These characteristics and the presence of nuclear fragments of various sizes in the cytoplasm of some cells suggests the occurrence of abnormal cell divisions. There was also evidence of high phagoeytic capacity (Fig. 3) .
Of particular interest were those nuclei which appeared devoid of any chromatin aggregates in stained preparations ( Fig. 1 and 2 ). The faint reddish staining of these nuclei suggested the presence of DNA in the dispersed state. Electron microscopic examination of similar nuclei supported this light microscope observation by confirming the absence of condensed chromatin within these nuclei (Fig. 14-16 ). In some multi-nucleated cells a nucleus without chromatin part-icles could be found next to one containing a normal chromatin pattern (Fig. 16) The acid phosphatase cytochemistry of the HT-1 cells showed a random distribution of enzyme activity (Fig. 5) , (and therefore lysosomes) throughout the cytoplasm and rarely in pseudopodia; a distribution confirmed by electron microscopy ( Fig. 12 and 15 ). In contrast, the PAS positivity (shown to be glycogen by amylase digestion) tended to be concentrated in the cytoplasm of pseudopodia (Fig. 4) . E.M. study further revealed that the nuclei of some cells contained " dense bodies " (Fig. 19 ) as well as " nuclear bodies " (Fig. 12, 15, 18 ). " Nuclear bodies " have been described in RSV infected hamster cells (Haguenau, 1969) . Since earlier study of HT-1 cells failed to demonstrate the presence of morphologically distinguishable viral particles in these cells (Huebner et al., 1966 Valentine and Bader 1968), the finding of the " nuclear and dense bodies " provides the best established morphological evidence at present available of the presence of the MSV genome in the cells, unless the particles which were found in the cytoplasm of some cells represented incomplete or immature virus ( Fig. 13 and 17 ). These particles were certainly similar to the immature RSV particles described earlier by Dougherty et al. (1967) .
The examination of the cell karyotype revealed the presence of a very large and striking telocentric marker chromosome in many cells (Fig. 8) . The finding of this chromosome was of particular interest since the normal karyotype of the hamster does not carry any chromosome which resembles it; its origin could not be determined. In addition, all HT-1 cells were hyperdiploid with chromosome numbers around triploidy, but none was a true triploid. In spite of the instability in the number of chromosomes of the separate cloned line of cells studied, none developed the Ml or M2 chromosome, and the variation in chromosome number was smaller than in the original HT-I cell population. It may be possible to learn whether the MSV genome is associated with the large marker chromosome by using the rescue technique. If the MSV genome could not be recovered from the cloned HT-1 line lacking this marker chromosome, close association between the viral genome and the chromosome would be implied.
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